ABSTRACT Background: Healthy dietary patterns may protect against age-related cognitive decline, but results of studies have been inconsistent. Objective: We examined associations between Dietary Approaches to Stop Hypertension (DASH)-and Mediterranean-style dietary patterns and age-related cognitive change in a prospective, population-based study. Design: Participants included 3831 men and women $65 y of age who were residents of Cache County, UT, in 1995. Cognitive function was assessed by using the Modified Mini-Mental State Examination (3MS) #4 times over 11 y. Diet-adherence scores were computed by summing across the energy-adjusted rank-order of individual food and nutrient components and categorizing participants into quintiles of the distribution of the diet accordance score. Mixed-effects repeated-measures models were used to examine 3MS scores over time across increasing quintiles of dietary accordance scores and individual food components that comprised each score. Results: The range of rank-order DASH and Mediterranean diet scores was 1661-25,596 and 2407-26,947, respectively. Higher DASH and Mediterranean diet scores were associated with higher average 3MS scores. People in quintile 5 of DASH averaged 0.97 points higher than those in quintile 1 (P = 0.001). The corresponding difference for Mediterranean quintiles was 0.94 (P = 0.001). These differences were consistent over 11 y. Higher intakes of whole grains and nuts and legumes were also associated with higher average 3MS scores [mean quintile 5 compared with 1 differences: 1.19 (P , 0.001), 1.22 (P , 0.001), respectively]. Conclusions: Higher levels of accordance with both the DASH and Mediterranean dietary patterns were associated with consistently higher levels of cognitive function in elderly men and women over an 11-y period. Whole grains and nuts and legumes were positively associated with higher cognitive functions and may be core neuroprotective foods common to various healthy plant-centered diets around the globe.
INTRODUCTION
Age-related cognitive decline is a result of neurodegenerative diseases, the most common of which is Alzheimer disease (AD) 4 , which is the third most costly disease in the United States (1) . A delay of the onset of AD by 5 y has been projected to reduce its prevalence by 50%, and thus, lifestyle changes with modest effects could translate into a large reduction in disease burden (2) .
Previous studies of single nutrients and risk of age-related cognitive decline and AD have provided mixed results (3). Single-nutrient analyses have largely ignored the complexity of the diet, and defining dietary exposures as a dietary pattern may better predict disease risk and provide a clearer link to food-based public health recommendations (4) .
Two dietary patterns of interest are the Mediterranean diet and the Dietary Approaches to Stop Hypertension (DASH) diet. A traditional Mediterranean dietary pattern, which was shown by Keys (5) to be associated with reduced risk of cardiovascular disease in the Seven Countries Study and popularized in the mid1970s in his book (6) , includes largely whole, minimally processed plant foods including cereal grains, legumes, vegetables, fruit, nuts, and fish with small amounts of meat, milk, and dairy products and a regular, modest intake of alcohol (7, 8) . The importance of the Mediterranean-type dietary patterns in maintaining cognitive function is uncertain because, in some studies, it has shown a protective effect (9) (10) (11) (12) (13) (14) , whereas in other studies, it has not shown a protective effect (15) (16) (17) (18) (19) . Diets in the Mediterranean region are diverse as are the definitions of Mediterranean diets used in scientific studies (7) , and the concept of a Mediterranean diet as a unified, meaningful regional and global dietary pattern has been questioned (20, 21) .
The DASH diet substantially reduced elevated blood pressure in clinical trials (22) and is recommended in the current Dietary Guidelines for Americans (23) . The DASH combination diet emphasizes fruit, vegetables, and low-fat dairy products and includes whole grains, poultry, fish, and nuts and is reduced in fats, red meat, sweets, and sugar-containing beverages. Because of the known association between hypertension and cognitive function, it is plausible that the DASH diet may also reduce risk of cognitive decline (24) .
In the current study, we evaluated prospective associations between DASH and Mediterranean dietary accordance scores and individual food groups that contribute to each dietary score and cognitive function in elderly men and women in the Cache County Study on Memory, Health and Aging [hereafter referred to as the Cache County Memory Study (CCMS)].
SUBJECTS AND METHODS

Subjects
The CCMS is a large population-based prospective study of the prevalence and incidence of dementia in elderly residents of Cache County, UT. In 1995, all residents of Cache County $65 y of age were invited to participate, and 5092 (90%) subjects completed the baseline interview (1995) (1996) (25) . Reassessments of the cohort were completed in 1998-1999, 2002-2003, and 2005-2006 . The average length of follow-up for subjects who completed all 4 assessments was 10.6 y. The cohort is predominately non-Hispanic White (.90%) and the genetic make-up is broadly representative of other US populations of Northern European ancestry (26) . The study was approved by the institutional review boards of Utah State University, the Johns Hopkins University, and Duke University. All study participants, or their next of kin in cases of impaired persons, gave written informed consent to participate.
Of the 5092 participants who completed the baseline interview, 355 subjects were shown to be demented at baseline [Modified Mini-Mental State Examination (3MS) ,87] and were not asked to complete the self-administered food-frequency questionnaire (FFQ) (27) . Of the 4737 subjects who were asked to complete the FFQ, 3829 subjects (81%) completed and returned the questionnaire. An additional 249 participants were excluded because they provided implausible energy intakes (#500 or $5000 kcal/d; n = 125) or because they were later diagnosed as having prevalent dementia (n = 124), which left 3580 subjects for analysis.
Assessments
The baseline survey included information on demographic characteristics, health history, family history of dementia, use of medications and dietary supplements, alcohol, tobacco, and other lifestyle factors. The 3MS for epidemiologic studies (25) was used to assess cognitive function at baseline and subsequent assessments. The 3MS is a 100-point expanded version of the Mini-Mental State Examination (28) that has been used in many epidemiologic studies and shown to be useful as a global measure of cognitive function and decline in noninstitutionalized elderly men and women (29) . A multistage clinical assessment protocol, which has been described in detail elsewhere, was used to diagnose dementia (30) . Participants diagnosed with dementia did not complete a 3MS at subsequent assessments (ie, we had a 3MS score at baseline and each subsequent visit up to and including the wave when the individual was diagnosed with dementia).
The usual dietary intake over the previous year was also assessed at baseline (1995) by using a 142-item self-administered FFQ patterned after the methods developed for use in the Nurses' Health Study (Harvard FFQ) with a food list modified to include foods frequently included in 24-h recalls collected from elderly people who were residing in a neighboring county (16) . Similar questionnaires have been shown to provide reasonable estimates of the usual dietary intake in populations of varied ages and demographic characteristics including a population of elderly women (31, 32) . Participants reported their frequency of consumption of listed food items or groups. The nutrient composition of food items was obtained by using a time-specific version of the Food Processor Program (version 7.0; ESHA Research) nutrient-composition database. Average daily intakes of nutrients were computed by multiplying the nutrient content of the food item by the reported frequency of intake and summing over all food items. Daily intakes of nutrients and servings of food groups used to create diet accordance scores were adjusted for the total energy intake by using the residual regression method of Willett et al (31) .
DASH and Mediterranean diet accordance scores were computed from food and nutrient components emphasized or minimized in the dietary patterns. The DASH diet score included the following 8 components: high intakes of fruit, vegetables, low-fat dairy products, nuts and legumes, and whole grains and low intakes of sodium, sweetened beverages, and red and processed meats. These components were selected to represent food groups targeted in the DASH diet (33) and were similar to the components defined by others who have examined accordance to a DASH-style eating pattern in population-based studies (34) (35) (36) ; most of the studies focused on food or food-group targets, but at least one study was nutrient based (34) . We chose a scoring paradigm most similar to that reported by Fung et al (35) . The Mediterranean diet accordance score also included the following 8 components: high intakes of fruit, vegetables, total grains, fish, legumes, and ratio of MUFAs to SFAs and low intakes of meat and meat products and high-fat dairy products. These components were selected to represent food groups defined by other authors who have examined accordance to a Mediterranean-style eating pattern, although there has been considerable variability in the components used to define a Mediterranean-style diet in the literature (7, 37) .
Moderate alcohol consumption is often included in Mediterranean diet accordance scores but was not included here because of the low rates of alcohol consumption in this population. Only 2.7% of the study population reported consuming $1 alcoholic beverage/d. High intakes of fruit, vegetables, whole grains and nuts and legumes are common components of both the DASH score and Mediterranean score. Individual food items obtained from the FFQ used to define DASH and Mediterranean dietary patterns in the current study are shown in Table 1 .
DASH and Mediterranean diet accordance scores were computed by summing across ranked scores of each relevant food and nutrient component. Participants were ranked according to their intake of each food component of both the DASH and Mediterranean-style eating patterns including fruit, vegetables, low-fat dairy foods, whole grains, total grains, nuts and legumes, the MUFA:SUFA ratio, and fish (the participant who consumed the highest amount in each food group received a rank of 3580, and the participant who consumed the lowest amount received a rank of 1). Participants were ranked in reverse order of their intakes of the red and processed meat, sweetened beverages, sodium, and full-fat dairy foods. To create DASH and Mediterranean accordance scores, the respective food and nutrient component rank scores were summed, and participants were categorized into quintiles of the cohort's distribution of the DASH and Mediterranean diet accordance score. Other authors have created similar accordance scores by summing across quintile scores for food groups (19) or on the basis of dichotomous scores above or below the median (37), but summing across ranks preserves more information from the original food groups while putting each food group on an equal scale and reducing the impact of skewness and outliers in distributions of the original scores.
Statistical analysis
The Kruskal-Wallis test was used to evaluate differences between continuous variables over quintiles of diet scores (Tables 2 and 3) because several of the variables had highly skewed distributions. The power of the Kruskal-Wallis test remained high because of the large sample size. The chi-square test was used to evaluate differences for categorical variables (Tables 2 and 3) .
Repeated-measures mixed effects linear regression models were created with the SAS statistical software package (version 9.1; SAS Institute Inc.) and used to examine associations between quintiles of the diet accordance scores and individual food components and the average 3MS score over 11 y of follow-up. The ordered variable that represented quintiles of the distribution of diet accordance scores were treated as both continuous and categorical variables in separate models with the lowest quintile of intake as the reference group. Including quintiles as continuous variables in the model (1 df) provided a test of the linear association of an increasing quintile of intake and 3MS scores (P-linear trend). Multivariable models controlled for sex, age, age squared, level of education (no post-high school education compared with some post-high school education), an indicator for low BMI [(in kg/m 2 ) ,18.5], frequency of participation in moderate physical activity, regular multivitamin and minerals use (yes compared with no), and history of smoking (ever compared with never) and drinking alcohol (ever compared with never), and comorbidities including diabetes, myocardial infarction, and stroke (yes compared with no) because these variables were associated with both dietary patterns and 3MS scores. Both linear and quadratic terms for the follow-up time were included in mixed models to account for curvilinear trajectories of 3MS performance over time. Both linear and quadratic terms for age were included in mixed models to account for the curvilinear effect of age and 3MS scores. Interactions between the diet accordance scores and time (linear and quadratic effects) were tested by comparing the likelihood ratio test statistics between models with and without interaction terms. Reported P values were 2-sided, and the type I error rate for statistical significance was 0.05. A Bonferroni correction was applied to adjust the P values of tests of individual food components of diet scores ( Table 4 ). In addition, residuals from the models were skewed, but sample sizes were large, and when we transformed to normality by using 2log(-3MS), our results were qualitatively unchanged, and thus, we present results for the more interpretable nontransformed 3MS.
All prospective analyses were conditioned on dementia-free survival. Nearly all participants (98%) were followed up with a 3MS evaluation or determined to be lost to dementia or death. A complete 3MS assessment and plausible dietary assessment were available from 3530 participants at the baseline assessment (1995) (1996) . In addition, complete 3MS assessments were available from 2740 participants the 1998-99 examination, 1904 participants in the 2002-2003 examination, and 1255 participants in the 2005-2006 examination. A complete-case analysis was used in all multivariable models; 6.6% of observations (235 of 3580) were excluded because data for one or more of the covariates included in the multivariable models was missing. 3 An ever smoker was defined as a subject who reported ever regularly smoking; an ever drinker was defined as a subject who reported ever regularly drinking alcohol.
4 Energy-adjusted nutrient intakes per day.
RESULTS
The DASH diet score and Mediterranean diet score were positively correlated (r = 0.62, P value #0.001), and 53% (n = 383) of subjects in the highest quintile of the DASH score were also in the highest quintile of the Mediterranean score. Participants in the highest quintile of DASH or Mediterranean diet scores were more likely to be women and more educated, physically active, and likely to take a multivitamin and mineral dietary supplement than were subjects in lower quintiles of either score (Tables 2 and  3 ). Participants in the highest quintile of the DASH or Mediterranean diet scores consumed less total fat, saturated fat, and cholesterol than did subjects in the lowest quintile of either diet score. An increasing quintile of Mediterranean but not DASH diet accordance scores was associated with increasing omega-3 fatty acid intake. Increasing quintiles of DASH and Mediterranean scores were associated with decreasing rates of smoking and alcohol intake. Subjects in the highest quintile of either accordance score consumed more of most micronutrients except for zinc than did subjects in lower quintiles. The pattern of calcium intake was different between the 2 diet scores; no differences were observed across quintiles of the Mediterranean diet score (P = 0.057), but calcium intake was higher in upper compared with lower quintiles of the DASH score (P , 0.001).
In mixed-effects linear regression models that included age and sex, an increasing quintile of both the DASH and Mediterranean diet scores was associated with higher mean 3MS scores at the baseline interview (Table 4) . Within each quintile of the DASH and Mediterranean diet scores, the mean 3MS decreased over the 11 y of follow-up and the relative differences in mean 3MS score between quintiles of each diet score were maintained over the 11 y of follow-up (P from the likelihood ratio test for the time 3 quintile and time squared 3 quintile interaction = 0.34 and 0.64, respectively, for the DASH die score and 0.28 and 0.37 respectively, for the Mediterranean diet score). The lack of statistical significance for the time 3 quintile and time squared 3 quintile score interactions indicated that the differences in 3MS scores between quintiles of both DASH and Mediterranean scores were consistent over time (Figure 1) . In models that controlled for age and sex, participants in the highest quintile of the DASH diet score scored 1.93 points higher on the baseline assessment than did subjects in the lowest quintile of the DASH diet score (P , 0.001). Similarly, participants in the highest quintile of the Mediterranean diet score scored 1.41 points higher on the baseline assessment than did subjects in the lowest quintile of the Mediterranean diet score (P , 0.001). In models that also included covariates for the level of education, low BMI (,18.5), frequency of moderate physical activity, multivitamin mineral use, history of smoking and drinking, and myocardial infarction, stroke, and diabetes, participants in the highest quintile of the DASH diet score scored an average of 0.97 points higher than did subjects in the lowest quintile (P = 0.001) ( Table 4 ). In the corresponding model for Mediterranean diet score quintiles, the difference was 0.94 (P = 0.001). In these multivariable models, subjects in the highest 3 quintiles (quintiles 3-5) of the DASH diet score had 3MS scores 0.68, 0.96, and 0.97 points higher, respectively, at the baseline interview than those of subjects in the lowest (first) quintile of the DASH diet score (P = 0.019, 0.001, 0.001, respectively; P-trend , 0.001). Subjects in the second quintile had a 3MS score that was not significantly different from that of subjects in the lowest quintile (P = 0.224). Similarly, subjects in the highest 4 quintiles (quintiles 2-5) of the Mediterranean diet score had 3MS scores 0.68, 0.62, 0.83, and 0.94 points higher at the baseline interview than those of subjects in the lowest (first) quintile of the Mediterranean diet score (P = 0.018, 0.032, 0.004, and 0.001, respectively; P-trend = 0.0022). These differences were maintained over time, and the rates of 3MS change over time were not significantly different across the quintile groups (Figure 1) . Similar mixed-effects multivariable linear regression models were used to explore individual effects of food and nutrient components that made up the DASH and Mediterranean diet scores on 3MS scores over time (Table 4) . After a Bonferroni correction was applied to the level of significance, increasing quintiles of whole grains (a component of both DASH and Mediterranean diets), nuts and legumes (combined; component of the DASH diet), and legumes only (component of the Mediterranean diet) were each independently associated with higher 3MS scores (P-linear trend = 0.0054, ,0.0001, and ,0.0001, respectively). No similar trends were observed for other single food or nutrient components of the DASH or Mediterranean diet accordance scores (Table 4) . 
DISCUSSION
Cognitive decline is an early manifestation of dementia, including AD, and, thus, is a statistically powerful study outcome in cohort studies with repeated measures (38) (39) (40) . compared with lower levels of accordance, higher accordance to the DASH and Mediterraneanstyle diets were both similarly associated with higher cognitive function at baseline in elderly men and women in the CCMS. These differences were similar to being w3 y younger in age and were maintained across 11 y of follow-up. A higher consumption of whole grains and nuts and legumes were each independently associated with higher cognitive scores at the baseline assessment.
The pioneering Seven Countries Study by Keys et al (41) in the 1950s to 1960s identified the traditional diet on the Greek island of Crete in the southern Mediterranean Sea as a model for the prevention of cardiovascular disease. Mediterranean dietary patterns have been associated with reduced risk of overall mortality and a broad range of chronic diseases including cardiovascular diseases, cancer, and neurodegenerative disease (42) . The importance of Mediterranean-type dietary patterns in maintaining cognitive function is uncertain because, in some studies, it has shown a protective effect (10-15, 43, 44) , whereas in other studies, it has not shown a protective effect (16) (17) (18) (19) .
Diets in the Mediterranean region are diverse as are the definitions of Mediterranean diets used in scientific studies (7), and the concept of a Mediterranean diet as a unified, meaningful regional and global dietary pattern has been seriously questioned (20, 21) . Bere and Brug (20) pointed out that the associations with positive health outcomes in studies that used Mediterranean dietary pattern scores were not necessarily based on Mediterranean foods, both in studies within and outside the Mediterranean region, and argued that it seems appropriate to promote local diets with dietary variety, minimal processing, cultural diversity, and heritage rather than promote the idea of a global Mediterranean diet. We agree that a pitfall of the definition, evaluation, and endorsement of dietary patterns for health promotion is that the patterns are artificial constructs that may become stereotypes that obscure the recognition of healthy dietary patterns in other regions and cultures.
The DASH diet substantially reduced blood pressure in hypertensive and normotensive individuals in clinical trials (22) and is recommended in the current Dietary Guidelines for Americans (2010) (23) . A high accordance to DASH-style diets has been associated with lower risk of CHD and stroke in middle-aged women during 24 y of follow-up (35) and lower risk of heart failure in women in the Swedish Mammography Cohort (45) . Because of the association between hypertension and subsequent cognitive decline and dementia, it is plausible that the DASH diet may reduce risk of cognitive decline by lowering blood pressure in hypertensive individuals. The DASH diet has also been associated with reduced risk of other chronic conditions and may have beneficial effects on brain health via diverse mechanisms unrelated to blood pressure (46) (47) (48) (49) (50) . Few previous studies have examined associations between DASH dietary accordance and cognitive function in the elderly (51) .
Our findings that 2 food groups (ie, whole grains and nuts and legumes) may be primarily responsible for the similar protective associations of DASH and Mediterranean dietary patterns may provide a simple path for linking public-health nutrition recommendations with agricultural policy around the globe. For example, all traditional and industrialized agricultural economies are based on cereal grains, and more attention to the health hazards of a low intake of whole grains and high intake of refined grains is warranted.
Whole grain is a component of the DASH diet but is not consistently differentiated from refined grains in Mediterraneanstyle diet scores. For example, Trichopoulou et al (37) included refined grains such as pasta, starches, crisp bread, breakfast cereals, biscuits, pastry, and other cereal products in their Mediterranean diet score. No previous study, to our knowledge, has examined associations between whole-grain consumption and cognitive decline or dementia apart from its contribution to a dietary pattern. Strong epidemiologic evidence supports associations between a high consumption of whole-grain foods and lower risk of cardiovascular disease, hypertension, and type 2 diabetes (52).
In addition, nuts and legumes, which are common components of the DASH and Mediterranean diet scores, were observed to be beneficial for cognition. Nuts and legumes share similar nutrient profiles in that both are high in fiber, protein, unsaturated fatty acids, folic acid, other essential micronutrients, and a variety of phytochemicals. Nut consumption was associated with decreased prevalence of risk factors for cardiovascular disease, type 2 diabetes, and metabolic syndrome in adult participants in the 1999-2004 NHANES (34) . Legumes have been shown to reduce the concentration of blood cholesterol in randomized trials (35) . To our knowledge, no previous study has reported on the independent effects of nuts or legume consumption and cognition in the elderly.
The CCMS, which is a large population-based, prospective study of predominantly non-Hispanic white elderly men and women from a geographically defined area where the median life expectancy exceeds that of the US population by 10-12 y (53), has a high rate of participation, which is a factor that is known to reduce bias in observational studies of the aged (54) . An additional unique feature of the Cache cohort is that 90% of the participants are members of the Church of Jesus Christ of Latter-Day Saints (or Mormon) religion. This religion discourages its members from drinking alcohol or smoking, and low smoking and drinking rates were observed in participants. Because of the low rates of alcohol consumption in this cohort, alcohol was not included in the Mediterranean adherence score and this may have limited the generalizability of our findings regarding this score (and this may make comparisons between the Mediterranean score used in the current study and other studies difficult). In addition, the Church of Jesus Christ of Latter-Day Saints lifestyle likely contributes to the increased longevity and low burden of chronic disease (55) , especially in the oldest-old, which is an advantage for studying conditions or diseases of the aged; however, these associations should also be assessed in other aging populations with a higher burden of chronic disease.
A weakness of this and other observational studies was that the purported effects of dietary factors may have been confounded by associated healthy lifestyle factors; this weakness applies to studies of single nutrients, single foods, and dietary patterns. For example, participants with high dietary accordance scores were more educated and more likely to be physical active than were participants with low dietary accordance scores. We controlled for these and other characteristics that were related to both diet and cognition, but there may have been other unmeasured characteristics or residual confounding that may have biased our results toward the null. However, an alternative hypothesis was that the effects related to diet reflected lifelong differences in healthy lifestyles that included a healthy diet. Little is known about associations between patterns of lifestyles and risk of cognitive decline and dementia (56) . In addition, we observed cognitive benefits of diet at the baseline assessment that were maintained but not modified over the time of these observations. Our findings could not distinguish whether the observed differences in cognitive function were because of preexisting differences that may have been confounded with the diet or progression of cognitive decline that may have been modified by diet if the cohort were to have been followed for a longer period of time.
In conclusion, a higher accordance to each of DASH or Mediterranean-style diets was similarly associated with higher baseline 3MS scores that were maintained for 11 y of observation in predominately non-Hispanic white elderly men and women of the CCMS. In analyses that examined individual food-group contributions, whole grains (a DASH diet component) and nuts and legumes (common components of DASH and Mediterraneanstyle diet scores) provided similar benefits as did diet scores that included 8 food components. The promotion of the consumption of whole grains and legumes and nuts may provide a dietary strategy aimed at a cognitive benefit that is adaptable to diverse cultures and regions around the globe.
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